Abstraet--A procedure based on loss of weight after selective dissolution analysis (SDA) and washing with (NH4)zCO3 was developed for estimating the noncrystalline material content of soils derived from widely different parent materials. After extracting with 0.2 N ammonium-oxalate or boiling 0.5 N NaOH solutions, samples were washed with 1 N (NH,)2CO3 to remove excess dissolution agents and to prevent sample dispersion. The amount of noncrystalline material removed from the sample by the extracting solution was estimated by weighing the leached products dried to constant weight at 110~ The results match closely with those obtained by chemical analyses of the dissolution product and assignment of the appropriate water. The proposed weight-loss method is less time-consuming than the chemical method, and no assumptions need be made concerning sample homogeneity or water content of the noncrystalline material.
INTRODUCTION
Although most soils consist essentially of crystalline minerals, many contain appreciable amounts of noncrystalline, 1 inorganic material. Noncrystalline materials in soils derived from volcanic ash and weathered pumice have been extensively studied, but comparatively little is known about the noncrystalline materials in soils derived from other parent materials. Some Scottish soil clays derived from nonvolcanic ash materials were found to contain small but significant amounts of 0.5 N Na2CO3-soluble noncrystalline materials (Mitchell and Farmer, 1962) , primarily as coatings and films on minerals (Follett et al., 1965a) . Various paracrystalline or noncrystalline forms of iron oxides in soils have also been investigated (Follett et al., 1965b; McKeague and Day, 1966; Schwertmann, 1964 Schwertmann, , 1973 Schwertmann and Fisher, 1973; Blume and Schwertmann, 1969; Segalen, 1968) . These small amounts of noncrystalline materials may contribute significantly to the physical and chemical properties of these soils since they may have: (1) high cation-exchange capacity which may be influenced by pH (Wada and Ataka, 1958; Aomine and Jackson, 1959) ; (2) high surface area; and (3) high reactivity with phosphate (Saunders, 1964) . Thus, it is desirable to characterize i The term noncrystalline as used in this paper follows the recommendation of Wada (1977) in describing materials having only local and nonrepetitive structure and includes paracrystalline materials (having one-dimensional structural units) such as imogolite.
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Traditional methods of estimating the crystalline mineral content of soils, such as X-ray powder diffraction (XRD), differential thermal analysis (DTA), and thermogravimetric analysis (TGA), have severe limitations for quantifying the noncrystalline material content in polymineralic soil systems. These limitations result either from a lack of well-defined parameters, low detection limits, or coincidence with parameters of crystalline minerals which are also present. Selective dissolution analysis (SDA) has been extensively used in the study of the noncrystalline material content of soils and sediments. There are limitations, however, which must be considered in using SDA: First, a continuum of crystalline order exists, ranging from no longrange order to paracrystalline to poorly crystalline to well crystalline (Follett et al., 1965a) . It is difficult to assess adequately the portion of this continuum which is extracted by a particular reagent. As has previously been demonstrated, the use of boiling 0.5 N NaOH as a dissolution reagent for noncrystalline soil materials may result also in removal of gibbsite and significant amounts of kaolinite, halloysite, free silica, and montmorillonite (Langston and Jenne, 1964; Wada and Greenland, 1970; Tokashiki and Wada, 1972; Higashi and Ikeda, 1974; Fey and LeRoux, 1977; Wilke et al., 1978) . Acid ammonium oxalate in darkness has been shown to be a more selective reagent for dissolution of noncrystalline materials (Schwertmann, 1964; Higashi and Ikeda, 1974; Fey and LeRoux, 1977) , although it may partially dissolve magnetite (Baril and Bitton, 1969) and perhaps trioctahedral layer silicates (Arshad et al., 1972) , which occur in soils as the exception rather than the rule (Schwertmann, 1973) . Noncrystalline silica minerals are not dissolved by acid ammonium oxalate treatment (Wada, 1977) .
A second problem in using SDA is the assignment of water content to the oxides of Si, A1, and Fe determined by chemical analysis. Noncrystalline materials are noted for their variable chemical composition (van Olphen, 1971 ) and thus may be expected to have variable water contents. A constant water content has often been assumed for the noncrystalline components, resulting in assignment of these values without regard for sample composition (Jackson, 1964; Alexiades and Jackson, 1966; de Villiers, 1971 ). However, SIO2:A1203 molar ratios have also been used to assign water contents within specified ranges (Jackson, 1974) . Fey and LeRoux (1976) assigned water content by comparing the SiOz:A1203 ratio of the sample with those of noncrystalline, synthetic aluminosilicate gels of known water content. This method assumes that synthetic materials are adequate models for predicting the characteristics of natural materials. A more satisfactory method would be to measure the weight loss of a given In spite of the above noted limitations, SDA presently offers the best approach for both chemical characterization and quantification of the noncrystalline material content of soils.
The objective of this study was to develop a selective dissolution method for the routine determination of the chemical composition and the quantity of noncrystalline materials in Soils. To this end, a procedure was tested based upon the loss in weight of a sample after it had been selectively dissolved by ammonium oxalate or sodium hydroxide as a measure of the noncrystalline material content of the sample.
MATERIALS AND METHODS
Brief descriptions of the soils and standard minerals used in this study are given in Tables 1 and 2 . Samples were selected to represent a wide range of noncrystalline material content, parent material, and degree of weathering. Samples 1041 and 905 are from Japanese soils derived from volcanic ash deposits and have significant amounts of allophane (Yoshinaga and Aomine, 1962a) or imogolite (Yoshinaga and Aomine, 1962b) in their respective clay fractions.
Samples were buffered at pH 5.0 using a 1 N sodium acetate-acetic acid solution and treated with 30% H20 z to remove organic matter. Oxidation products were removed by several washings with 1 N NaC1. The clay fractions (<2 tzm) were dispersed in distilled water by successive ultrasonic treatments. It was necessary to add first dilute NaOH (pH 10) and then dilute HC1 (pH 4) to the volcanic ash soils to aid dispersion. The clay fractions were collected by decantation following centrifugation. Samples of soils, soil clays, and standard minerals were K-saturated using 1 N KC1, except for vermiculite which was Na-saturated, washed successively with water, 1:1 water:methanol, 1:1 methanol:acetone, and acetone until free of chloride as determined by the AgNO3 test. Samples were then air dried, lightly crushed, and placed in a desiccator over PzO5 for storage at constant relative humidity. After 3 days of storage, 300-rag aliquots were dried overnight at II0~ and weighed to determine sample moisture contents.
Noncrystalline materials were extracted with either (1) 50 ml of 0.2 N ammonium oxalate (pH 3.0) for 2 hr on a reciprocating shaker in darkness according to the procedure of Schwertmann (1964) and Fey and LeRoux (1977) , or (2) 250 ml of boiling 0.5 N NaOH for 2.5 min in a Ni beaker according to the procedure of Hashimoto and Jackson (1960) . Triplicate samples of approximately 250 mg were weighed into preweighed, pretreated Nalgene centrifuge tubes or Ni beakers. A set of blank tubes was carried through each of the procedures to account for any weight loss by the tubes upon heating. Following treatment, the residue and supernatant solutions from the Ni beakers were transferred to preweighed, pretreated centrifuge tubes. Supernatant solutions were collected by decantation after centrifugation and immediately analyzed for Si, AI, and Fe by atomic absorption spectroscopy (AA). The residues were washed three times with 1 N (NH4)2CO3 and once with an equal volume of distilled water to remove remaining dissolution-treatment chemicals. The residues were dried in the tubes overnight at ll0~ resulting in volatilization of excess (NH4)2CO3 as NH3, CO2, and H20. Preliminary studies indicated that complete volatilization of 1 N (NH4)2CO3 solutions in centrifuge tubes resulted when the solutions were heated at 110~ overnight. Inspection of oven-dry samples following SDA furthermore indicated no visible salt residues. Tubes were allowed to cool in a desiccator over P20~ prior to weighing. A wire hook attached to the frame of the balance pan was used to hold tubes in a vertical position to reduce weighing errors resulting from variable orientation of the tubes on the balance pan.
In addition to removing free iron oxides, a dithionitecitrate-bicarbonate (DCB) treatment may remove significant quantities of noncrystalline Fe, Si, and A1 (Wada and Greenland, 1970; Tokashiki and wada, 1972; Follett et al., 1965; LeRoux, 1976, 1977) .
All samples were initially extracted without prior DCB treatment to avoid this possible source of error. Due to the high Fe contents of some samples, rapid re-precipitation of materials dissolved by NaOH occurred before separation of the solid and liquid phases could be completed. Therefore, NaOH extraction was also carried out on deferrated samples. The DCB-extractable Fe, Si, and AI was determined by AA. The total weight loss of all samples following SDA was calculated on the basis of the oven-dry weight (110~ of undeferrated samples.
Dehydroxylation endotherm peak areas at approxi-mately 280 ~ and 530~ obtained using a DuPont 990 Thermal Analyzer with a differential scanning calorimeter (DSC) cell, were used to estimate the amounts of gibbsite and kaolinite, respectively, present in samples before and after SDA. This was accomplished using regression equations developed by Sampath and Zelazny (1977) relating peak areas to the weight of gibbsite or kaolinite present in a sample. By analyzing a sample before and after dissolution treatments, reasonably accurate differences in mineral content were obtained, and errors resulting from differences in crystaUinity, particle size, and slight variations in thermal properties of soil and standard minerals were minimized. All weight-loss and chemical data were corrected for gibbsite and kaolinite dissolved by SDA using formulae of AI(OH)3 and AI2Si2Q(OH)4, respectively.
RESULTS AND DISCUSSION

Comparison of weight-loss and chemical determination
Chemical and weight-loss data for the noncrystalline material content of the several soil clays examined are shown in Table 3 , after correction for the loss of gibbsite and kaolinite as determined by DSC. Weight-loss values were reproducible over a wide range of noncrystalline material contents, with standard deviations of less than 1%. For a comparison of weight-loss and chemical determinations, water contents were assigned on the basis of the SiO~:A12Q molar ratio, according to the procedure of Jackson (1974) . As would be expected from the heterogeneous compositions, the values are not in complete agreement, although they are similar for both dissolution reagents. Regression equations were calculated to determine the degree of correlation of weight-loss data with chemical data. The appropriate equations for ammonium oxalate and NaOH are: % weight loss = 0.58 + 1.00 [sum of oxides, ammonium oxalate + assigned HzO] r 2 = 0.996 and % weight loss = 2.08 + 0.95 [sum of oxides, NaOH + assigned H20] r ~ = 0.998.
The high correlation coefficients (r2), the intercepts being close to zero, and the slopes being close to one indicate that the proposed weight-loss technique yields results very similar to those obtained by standard SDA techniques. It therefore seems possible to quantify the noncrystalline material content of soils without time-consuming chemical determinations or assuming sample homogeneity and water content. Used in conjunction with chemical analysis, more accurate char- acterization seems possible in that the water content may be measured, instead of estimated.
Clays and Clay Minerals
Comparison of the noncrystalline material content of whole soils and soil clays
Many studies dealing with noncrystalline materials have been conducted using only the clay-size fractions obtained by dispersion procedures. This results from the general assumption that noncrystalline materials and reactive components occur only in this fraction, The relatively few studies of the noncrystalline mate-the observed differences, however, Follett et al. (1965a) and Jones and Uehara (1973) showed that most noncrystalline soil materials exist as coatings that bind aggregates of minerals together, rather than as separate particles. 
Comparison of NaOH and ammonium oxalate extractants
Several workers, as discussed above, have shown that NaOH is poorly selective as a dissolution reagent for noncrystalline materials. Failure to account for dissolution of crystalline components by NaOH has undoubtedly resulted in overestimation of noncrystalline content in many previous studies. By correcting for the gibbsite and kaolinite dissolved by NaOH and ammonium oxalate, as estimated from DSC analyses, valid comparisons of the effectiveness of the reagents may be attained. The results of dissolution treatments of standard minerals with NaOH and ammonium oxalate are shown in Table 5 . Incomplete dissolution (62.5%) of the synthetic gibbsite is likely due to its large particle size and possibly from supersaturation of the extracting solution with respect to gibbsite. The latter alternative was ruled out by repeating the extraction with a 25-mg sample rather than a 250-mg sample (both were extracted with 250 ml of NaOH). The results were similar for both sample sizes, indicating that incomplete dissolution was primarily a result of the large particle size. The NaOH treatment also dissolved 5.7% of the kaolinite, 2.9% of the montmorillonite, and 4.6% of the vermiculite. Extraction of deferrated soil clay materials from sample 5, which is high in both gibbsite and kaolinite, resulted in complete dissolution of gibbsite (51% in the deferrated sample in Table 5 , based on undeferrated sample weight) in addition to 15.2% kaolinite and 22% noncrystalline material. This was confirmed by XRD analyses of oriented mounts (Figure 1) and DSC (Figure 2) . Gibbsite was dissolved completely from all samples by NaOH treatments, whereas 6.4 to 21.1% of the samples was dissolved as kaolinite (Table 3) . Conversely, none of the standard minerals reacted with the acid ammonium oxalate. Essentially no dissolution of gibbsite and minimal dissolution of kaolinite resulted from ammonium oxalate extractions of soil clay materials (Table 3 ). The small amounts of kaolinite dissolved may reflect the poorly crystalline nature of the soil clay materials since no dissolution of the well-crystalline Georgia kaolinite was observed (Table 5) .
Although the preceding discussion indicates that ammonium oxalate is a more selective extractant for non-crystalline materials than NaOH, some problems remain. From the data in Tables 3 and 4 , more soil materials appear to be extracted by NaOH than by ammonium oxalate for all samples except sample 905. Differences between these two extractants range from as low as 7.3% for sample 3 to as high as 19.2% for sample 1. The silica and alumina content of the additional materials extracted by NaOH from soil clays are shown in Table 6 . These values were obtained by subtracting the SiO2 or A1203 obtained by ammonium oxalate extractions from those obtained by NaOH extractions. The SiOz:AI~O3 mole ratio of sample 1041 indicates that the supervenient material extracted by NaOH from this sample is similar to allophane. Fey and LeRoux (1976) similarly reported greater dissolution of allophane-rich clay fractions by NaOH than by ammonium oxalate. The large difference noted for sample 1, which is derived from alluvial volcanic ash materials, may also be the result of enhanced dissolution of allophane-like materials. Both sample 1041 and sample 1 contain volcanic glass, which is subject to dissolution by NaOH but not by ammonium oxalate (Wada, 1977) . This may partially explain the differences in extracted SIO2, but not those of A1203. An increased dissolution of the imogolite-rich clay fraction of sample 905 by ammonium oxalate resulted in the negative values noted for this sample in Table 6 solution cannot presently be explained. The additional materials extracted from samples 3 and 4 also have enhanced SiO2 contents which may be the result of dissolution of 2:1 clay minerals or free SiO2 from the clay fractions. Quartz peaks were observed on XRD patterns of the clay fraction of these samples (not shown). Extraction of sample 5 with NaOH resulted essentially in supplemental A1203, most likely the result of dissolution of Al-hydroxy interlayers of vermiculite or smectites that occur in the clay fraction of this soil. These results support the findings of earlier workers which indicate that NaOH dissolves materials well within the crystalline range, and that ammonium oxalate dissolves materials limited primarily to the noncrystalline range of the soil mineral continuum. Much of the supervenient material extracted by NaOH can be explained, however, further characterization of this material as well as that extracted by ammonium oxalate is needed. CONCLUSIONS 1. The determination of the noncrystalline material content by loss in sample weight following SDA, washing with (NH4)2CO3, and heating agrees well with chemical analysis. Time-consuming chemical analyses are thus avoided, and no assumptions need be made concerning sample homogeneity or water content of the noncrystalline component.
If the noncrystalline material content of samples is
to be related to soil systems, it is recommended that whole samples be used for analyses, rather than only the <2-~m fractions. 3. The use of acid ammonium oxalate as an extractant is recommended over NaOH because of its greater selectivity for noncrystalline components and because no correction is necessary for the dissolution of gibbsite and kaolinite. 
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